Laser-guided munitions are weapons of great importance in the present day warfare scenario because of their precision and efficacy. Both weapon specific and generic test systems are commercially available to perform functionality checks on laser guided munitions. None of the designs reported in literature addresses the issues of universality of test systems and their ability to evaluate the device-under-test in actual battlefield scenario. This paper presents the design of an electro-optic device that offers significant improvement over the features of both commercial test systems as well as the designs reported in recent literature. The proposed design enables generation of user programmable laser signatures in terms of pulse repetition frequency (PRF) code, PRF code resolution and laser power density that allows testing in dynamic conditions not possible with the test systems in the state-of-theart. The concept is hardware implemented and used to evaluate performance of a typical laser seeker. The seeker is tested for PRF code compatibility, immunity to false PRF codes, sensitivity, field-of-view and performance in dynamic conditions. The test results are also presented.
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IntroductIon
Successful use of modern guided munitions began in 1943 with the German Navy introduced the first acoustichoming torpedo, the G7e/T4 Falke (Falcon). Although the T4 was only employed by three U-boats before being replaced by the G7es/T5 Zaunkönig (Wren), it reportedly sunk several merchant vessels. Subsequent to this, an American Mark-24 acoustic-homing torpedo released from a patrol aircraft sank the German submarine U-640. Four months after destruction of U-640 submarine, fifteen German Dornier-217 medium bombers attacked the Italian fleet with Fritz-X radio guided glide bombs 1 . Semi-active laser (SAL) guided weapons are widely used for the advantages such as high-precision, immunity to jamming, low cost, and so on [2] [3] . Their efficiency has been established beyond the slightest doubt in several major wars in the last couple of decades [4] [5] . Laser designators and seekers use a pulse coding system to ensure that a specific seeker and designator combination work in harmony. The designator and seeker pulse repetition codes use a truncated decimal system. This system uses the numerical digits 1 through 8 and the codes are directly correlated to a specific PRF. Coding allows simultaneous or nearly simultaneous attacks on multiple targets by a single aircraft, or flights of aircraft, dropping laser guided munitions set on different PRF codes. This concept may be employed when several high priority targets need to be expeditiously attacked and can be designated simultaneously by the supported unit(s) [6] [7] . Though comprehensive test setups exist for characterization of seeker heads of laser guided munitions; there is always a requirement to develop portable electro-optic devices that can perform quick functionality checks on these weapons to ensure near 100% target hit probability 8 .
LImItatIons of commercIaL and reported test systems
The portable test systems offered by major international manufacturers including Lockheed Martin, Geotest Marvin Inc and others are either weapon specific or offer limited testing capability.
One such test system is mission readiness test set (MRTS) type TTU 594A/E from Lockheed Martin Corporation 9 . The test system is weapon specific and is designed to test Paveway-II series of laser guided munitions; cannot check the sensitivity of seeker head and does not test the seeker in realistic battlefield conditions as the test laser radiation doesn't overspill the laser seeker 10 . Another well known test system called laser source simulator type MT 1888/1888A from Geotest Marvin Inc is a field programmable device that can generate laser signatures of the target 11 . However, the device cannot be used to test the seeker for its full dynamic range. Some test system designs are reported in literature to overcome most of the shortcomings of the above mentioned systems [12] [13] . The proposed design offers user programmability of PRF codes, power density and fieldof-view. Figure 1 shows the schematic of the proposed design concept of the electro-optic device. The design is configured around a high bandwidth semiconductor laser diode module a user programmable electro-optic device for testing Laser seekers generating continuous wave (CW) power of 100 mW driven by a programmable laser diode driver circuit. High bandwidth of laser diode module allows generation of nano second wide laser pulses required to simulate battlefield laser target designator. The diode laser driver is in turn driven by a microcontroller based embedded circuit. The embedded circuit is interfaced with a suitable matrix key pad and an LCD display. Optics placed at the output of laser diode module is used to generate laser beam of desired shape and divergence. A rechargeable lithium-ion battery of 7.2 V/3.5 Ah feeds a DC-to-DC converter module that generates all the required regulated DC voltages for operation of different circuits.
desIgn concept
Typical laser guided munitions delivery parameters include wavelength of 1064 nm, PRF of 10-20 pulses per second, pulse width in the range of 10-20 ns and pulse energy in the range of 50-120 mJ. The PRF code is usually specified with accuracy in the range of + 1 -5 µs in time interval. It is important that the test system generates laser radiation with these specifications and a variable power density as seen by laser seeker whiule in flight.
The laser power density as seen by the laser guided munitions seeker head cross-section depends upon a number of parameters including laser designator parameters, atmospheric parameters, target characteristics and deployment mode 14 . These parameters include the following.
Peak transmitted power from the laser target designator, 
(1) With reference to the schematic arrangement of Fig.1 , the desired PRF code as entered through the keypad is generated by the microcontroller based embedded circuit and the code is displayed on the LCD. The Laser driver block is basically a DC voltage programmable constant current source that provides the required current drive to the Laser diode module. The DC control voltage is also generated by the microcontroller by using on-chip counter and D/A converter. The D/A converter output is level translated to meet the requirements of control voltage for the laser diode driver circuit. The embedded circuit design allows the user to either select a discrete single value of control voltage to get a certain specific power density in 100 µW/cm 2 -1000 µW/cm 2 range or a variable power density in the same range in time duration in seconds defined by the user through the key pad. The pulse repetition frequency of the radiation from the laser module is decided according to the PRF code entered by the user. The optics produces a laser spot diameter of 70 mm at the device-to-seeker under test distance of 1.0 m. Maximum laser power of 100 mW and a laser spot diameter of 70 mm produce a maximum power density of 2.0 mW/cm 2 allowing for the transmission losses of about 30 per cent in the output optics. Discrete power density values down to 1.0 µW/cm 2 or lower can be obtained by either increasing test device-to-seeker distance or using appropriate neutral density filter at the exit of the device.
Major specifications of the device include output centre wavelength of 1064 + 2 nm with ≅ 0.8 nm line width (Fig.2) , selectable pulse width of 10 and 20 ns, selectable pulse repetition frequency (PRF) in the range of 5-50Hz with a time interval resolution of + 1 µs and selectable power density levels of 100 µW/cm 2 and 1000 µW/cm 2 . The spectral profile of the laser module output was plotted at a constant drive current of 80 mA and laser diode operating temperature of 25 °C. It may be mentioned here that the laser diode module is operated by a constant current driver source and that the constant operating temperature is ensured by an in-built thermoelectric controller. Minimum and maximum power density values of 10-100 µW/cm 2 and 1-10 µW/cm 2 can also be produced by using neutral density filters of optical density 1.0 and 2.0 respectively. These values can also be produced by increasing the test distance to 3.3 m and 10 m respectively. The device produces a laser beam of 70 mm diameter at the cross-section of seeker under test when kept at a distance of 1.0 m from the test device. employs a 7.2-V/3.5-AH rechargeable Li-Ion battery having built in protection against deep discharge.
The laser beam at the exit of the laser module has a diameter of 3.0 mm and a full angle divergence of 1.0 mrad. The laser beam is made divergent to an angle of approximately 4° using a negative lens to get an output beam diameter of 70 mm @ 1.0 m distance. A borosilicate optical window is used at the output for protection. A modular, portable, lightweight and easy-to-use mechanical package was designed for the device. Figure 3 shows the photograph of the fabricated prototype. 
Hardware deveLopment
The device is configured around the 100 MHz bandwidth continuous wave laser diode module and the associated drive and control electronics. The pulsed waveform needed for triggering the laser diode module is generated in the embedded subsystem configured around microcontroller. The microcontroller is interfaced with 3 x 4 matrix keypad and 8 x 2 LCD display. The time period of the generated waveform is entered by the user from the keypad, which is subsequently displayed on the LCD display. The desired pulse width of 10 ns -20 ns is generated by the Monoshot circuit.
The laser diode chosen for the design has its output wavelength centered on 1064 nm. It has a modulation bandwidth of 100 MHz, output power of 100 mW and FWHM of 0.5 nm. The module also has an in-built TEC and the associated control circuit to stabilize the diode temperature and hence the wavelength. The device is battery operated and 
test resuLts
The device prototype was used to evaluate the performance of a laser seeker unit (Make: lIZARD Seeker from M/s elbit Systems, Israel). Following tests were performed on the seeker unit. Fig.4 shows the test set-up. Ten different PRF codes were programmed into the laser seeker and the electro-optic device, one at a time with 100 µW/cm 2 power density setting. The lock-on condition was checked on the G.U.I. that was developed in accordance to the seeker. The test was repeated with 1000 µW/cm 2 power density setting. Similar results were obtained. The results are summarised in Tables 1.
prf code compatibility test
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false code rejection test
Different PRF codes were programmed in the laser seeker and the electro-optic device. The seeker remained in the acquisition mode. Ten different settings were used. In each of the settings, the seeker continued to remain in acquisition mode indicating an out-of-lock condition. Test results are summarized in Table 2 .
prf code resolution test
The test was performed by programming same PRF code in the electro-optic device and seeker unit and response of seeker monitored. The PRF code was incremented in steps of 1.0 µs and the seeker response recorded for each incremental setting. For time interval difference of >5.0 µs, seeker was observed to switch from tracking to acquisition mode indicating out-oflock condition. The results are summarized in Table 3 .
field-of-view test
The field-of-view was measured by giving angular movement to the seeker head in both directions around the centrally aligned position and recording its response. The test was performed at 100 µW/cm 2 and 1000 µW/cm 2 power density settings. The fields-of-view in the two cases were measured to be ± 12.5 o and ± 10°.
sensitivity test
Sensitivity was measured by gradually reducing the power density of laser radiation falling on the seeker head with the help of appropriate neutral density filters of required optical density and adjustment of seeker head-to-test device distance. The seeker was observed to go out of lock with a filter of optical density 2.0 and device-to-seeker distance of >2.0 m thereby indicating a 0.25 µW/cm 2 figure for sensitivity.
seeker response to changing power density
The electro-optic device was programmed to produce changing power density of 100 µW/cm 2 -1000 µW/cm 2 , 10 µW/ cm 2 -100 µW/cm 2 and 1 µW/cm 2 -10 µW/cm 2 in three steps in time duration of 20 seconds, typical of the flight duration of a laser guided munitions in the terminal guidance range. Seeker response was monitored. The seeker was observed to stay in the locked state.
dIscussIon and concLusIon
The paper describes design concept and prototype hardware of a portable electro-optic device to test seeker heads of laser guided munitions. The proposed design offers universality, user programmability, ability to check all important parameters and portability to allow on-platform testing as against weapon specificity, fixed output, ability to check only one or two parameters and bench top testing of existing commercial systems and reported designs. These features are not available in the existing test systems, which mainly test the PRF code compatibility of the seekers. 
